This study observed alteration in the radiopacity and microhardness of expired resin-based materials compared to non-expired materials and the operating characteristics of the X-ray source used. Five 2 mm-thick cured specimens were prepared for each material: composite resins (P60®, Z100®), and a compomer (Dyract AP®). Radiopacity of the specimens was evaluated comparing the density of the resin-based material to an equivalent (mm) density of a 99.5% pure aluminum step wedge using a transmission densitometer. Surface microhardness measurements were carried out using a calibrated Vickers indenter on three different points of the same surface. ANOVA and Tukey tests (pre-set alpha = 0.05) revealed that expired materials showed no significant change in radiopacity. One material (Filtek P60) demonstrated lower radiopacity with lower KVp. Change in microhardness wa s statistically significant for Z100: for this material, the microhardness after expiration was significantly lower than before the expiration date.
Introduction
Resin-based composites are frequently used in dentistry, as both restorations and cements, due to their satisfactory esthetic features and ease of utilization. The radiopacity of these materials is important, since it allows the dentist to differentiate the restorative material from carious lesions, and to evaluate lack of adaptation or excess material along the cervical margins 1, 2 . Resin-based materials are radiopaque due to components incorporated into the filler. This filler consists of glass and ceramic particles containing heavy metals, such as aluminum, ytterbium, barium, strontium, and zirconium, which confer radiopacity to the composite 3 . These particles may vary greatly in their concentration and composition, and thus the radiopacity of composites varies as well 4 . In general, composites intended for use in anterior teeth have filler particles that are smaller in size and in lower in concentration than those intended for use in posterior teeth 1 . According to the International Standardization Organization (ISO) 5 , a resinous dental material should be at least as radiopaque as the same thickness of pure aluminum. In its Specification #27, the American Dental Association (ADA) Council on Dental Materials, Instruments & Equipment 6 also recommends that these materials should present radiopacity.
Investigations on composites 1, 7, 8 focused on aspects related to radiopacity. In according to Cook 9 some image-forming factors, such as Kilovoltage (KVp) may influence the radiopacity of the image. In Brazil, dental X-ray equipment usually operates at 60 or 70 KVp. Soderholm 10, 11 and Soderholm et al. 12 , supported by the stress-corrosion theory, related the leakage of ions from dental composites by storage in water. This phenomenon is probably due to leakage of ions such as silicon, barium, strontium, and sodium into the aqueous medium. Release of such ions could break the chemical bond between the filler particle and the matrix, resulting in reduced radiopac-ity and diminished mechanical resistance of the material. Microhardness is also important for mechanical success of the restoration.
This investigation was based on the chemical adhesion between filler particles and matrix, before and after the expiration date. Alterations on the radiopacity of the material would be representative of lack of union between filler particles and matrix. Incomplete polymerization of the resinbased materials could facilitate debonding between filler and matrix. Microhardness was evaluated to measure the degree of polymerization achieved 13 . The shelf life of a material is the period, from the date of manufacturing, for which a material retains the physical and mechanical properties necessary to accomplish its prescribed purpose 14 . Properties that change over three to four years may not be necessarily clinically noticeable, but may impact the longevity of the restoration 15, 16 . Also, it should be noted that if radiopacity decreases past the expiration date, the diagnostic features of the product would be negatively affected. Although the utilization of expired dental materials is not recommended, the properties of the product affected by aging are still unclear This knowledge is important, since it may allow extension in the recommended shelf life of these expensive materials.
Purpose
The hypothesis of this study was based on the possibility that the high atomic number elements in the filler particles diffused into the uncured monomer materials over time. When cured and placed into water, an increased rate of loss of these elements was expected, because of the greater surface area of the diffusible mass. The debonding of filler particles caused by the leakage of such ions, would have an impact on optical and mechanical properties, such as radiopacity and microhardness 17, 18 . This study compared the radiopacity and microhardness of composite materials before, as well as at least 6 months after the printed expiration date. Also, variation in radiopacity of these materials was examined when using X-ray machines with different operating voltages.
Material and Methods
Specimens of composite and compomer (Table 1) were made using circular metallic molds (2 mm thick and 7 mm in diameter).
Materials were handled according to manufacturer's instructions. After placing the matrix on a glass plate, the material was inserted and pressed flat with a glass plate, in order to make the uncured mass conform to the confines of the mold. The material was then cured using a halogen lamp α for 20 s each, on the top and bottom surfaces (through the glass plate). Sixty specimens were made, five from each commercial brand of material, before and at least 6 months past the expiration date for each test, radiopacity or microhardness. After being manually removed from the matrix, specimens were polished β to simulate a clinical situation and to expose underlying composite material to the leaching capacity of the storage medium. The specimens were stored for 7 days in sealed containers with distilled water at room temperature and away from direct light.
For radiopacity evaluation, samples were radiographed using two different types of X-ray instruments: 60 KVp, 10 mA χ (200 ms) and 70 KVp, 8 mA δ (300 ms). A 99.5% pure aluminum step wedge, with eight different degrees of thickness (2 mm to 16 mm) was placed on top of a periapical radiographic film θ. Specimens were placed clockwise, following a randomly pre-established sequence -Dyract, Filtek P60, and Z100 specimens -below the aluminum step wedge. Letters and numbers codified equipment voltage, length of exposure, the kind of material, and the repetition number.
Films were manually developed in a dark room following the time/temperature recommendations of the manufacturer. The optical density of the radiographic images was measured φ, for each of the restorative materials and each different thickness, using the aluminum wedge as reference. Therefore, the optical density value obtained for each material was converted into the relative percentage to 2 mm of aluminum: R = OD × 100 OD (Al); where: R = radiopacity of the restorative material specimen (2 mm), OD = optical density of the specimen (2 mm), and OD (Al) = optical density of aluminum (2 mm).
Surface microhardness measurements were carried out by means of a Vickers Microhardness tester ω in three different points on the same surface of each sample.
Values obtained were analyzed by ANOVA -Analysis of Variance (p < 0,05) and Tukey test.
Results
Statistical analysis showed no difference in radiopacity (Table 2) between expired materials and those used before the expiration date. The only material showing a significant difference in radiopacity when using different X-ray units was Filtek P60® For this material, values were significantly higher when the material was radiographed using a 70 KVp instrument (0.64 ± 0.02), compared to a 60 KVp X-ray unit (0.54 ± 0.04).
Changes in microhardness (Table 3) were statistically significant for Z100. For this material, microhardness val- 
Vol. 7, No. 3, 2004
Radiopacity and Microhardness Changes and Effect of X-ray Operating 411 Voltage in Resin-Based Materials before and after the Expiration date ues were significantly lower past the expiration date. This suggests a lower degree of polymerization of the expired material (95.74 ± 3.95) compared to the unexpired material (104.6 ± 3.95). Dyract showed lower values for microhardness when expired, but this alteration was not statistically significant. For Filtek P60, microhardness values were higher in the expired material, but this difference was also not statistically significant.
Discussion
Several studies [10] [11] [12] reported reduction on the filler particles of restorative composites kept in liquid medium for certain periods. The mechanical properties of light-cured composites are also highly dependent on the concentration of the filler particles in the matrix and the degree of polymerization. This is influenced by the concentration of the photoinitiator 18 that would suffer degradation throughout the shelf life of the material.
In this study, there was no statistically significant change in radiopacity related to expiration for any material tested. It is important to note that the samples made of expired material were not produced immediately past the expiration date: specimens were made a minimum of six months after the material had expired. Differences between the values of radiopacity and microhardness for materials past the expiration date, compared to those not expired, could be expected. However, in this investigation, the storage conditions (7 days at room temperature) used were different from those used by Soderholm 10, 11 and Soderholm et al.
12
, in which storage time was greater than seven days. This difference may explain the lack of changes on radiopacity in the present study.
According to Cook 9 , the kilovoltage of X-ray units pro- duces significant alterations in the radiopacity of resin-based materials. This finding is in disagreement with most results obtained in the present study. However, Cook 9 used X-ray units with kilovoltage varying between 40 and 90 KVp. The small difference in kilovoltage of the X-ray units used in this study (60 and 70 KVp) may explain the fact that alteration of radiopacity was observed in only one of the groups (Filtek P60). For this material, radiopacity was higher when the material was radiographed using a 70 KVp instrument. This observation can be explained by the greater absorbance of X-rays from the 70 KVp equipment by Filtek P60. According to Cook 9 , radiopacity (compared to the same thickness of aluminum) is quite sensitive to the X-ray operating voltage, especially for highly radiopaque materials, however, variation of radiopacity among materials was not a goal of the present investigation.
Hondrum 16 documented changes in mechanical properties of water-based cements over time (84 months). The hardness values increase significantly after 36 months for zinc phosphate and zinc polycarboxylate, and decrease for glass ionomer. The microhardness data of this study is statistically significant only for Z100, which showed lower values when expired. The findings of Hondrum 16 were obtained under different storage conditions, and the materials tested were not resin-based. The change in microhardness of Z100 may be explained by incomplete cure of the polymer, perhaps due to degradation, over time, of the components involved in the polymerization of this material. The lack of significant changes in Dyract and Filtek P60 may be due to the short time past after the expiration date, and also to the storage conditions (following manufacturers' recommendations) of all tested materials until their use.
Radiopacity and mechanical properties are only two of the several desirable features of a dental material. Other factors related to the aging process should also be investigated.
Based on the conditions imposed in this study, the following conclusions may be made:
• Radiopacity of resin-based material does not change, at least six months after the expiration date provided by the manufacturer, for Filtek P60®, Dyract, and Z100â composites.
• Radiopacity of the resin-based materials evaluated did not vary when specimens were radiographed using X-ray units with 60 or 70 KVp, except for a single material (Filtek P60), which demonstrated increased radiopacity with increased KVp.
• Microhardness in resin-based materials presented statistically significant changes only for Z100. When expired, this material presented lower microhardness values than before the expiration date.
